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INTRODUCTION 
Experiments on the quantitative requirement of phenylalanine and 
tyrosine in the diet  of swine are l imited.  Baker et  al .  (1966) indicated 
that  .10% dietary phenylalanine satisfied the maintenance nitrogen reten­
tion requirement of adult  nongravid swine.  Rippel et  al .  (1965b) fed a 
casein-crystall ine amino acid diet  to gil ts  and, using nitrogen retention 
as the cri terion to determine the requirement,  suggested that  the gravid 
gil t  does not require more than .30% phenylalanine when the diet  contains 
.33% tyrosine.  
The purpose of these experiments was to determine the total  aromatic 
amino acid and phenylalanine requirements of gravid gil ts  using several  
metabolic cri teria.  
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LITERATURE REVIEW 
In the 1950s l i t t le was known about amino acid requirements (Baker 
and Speer,  1983).  Research in the amount and specific nutrient require­
ments has been encouraged by economic factors involved in swine produc­
t ion.  Herein,  I  will  review some of the research that  has been done 
on feeding levels,  protein levels,  and amino acid requirements for preg­
nant swine.  Techniques used to assess these research areas will  also 
be reviewed. 
Feeding levels 
Research has been conducted at  different stages of pregnancy to 
test  different levels of feed intake and i ts  effect  on fetal  survival 
rate,  birth weight,  weaning weight and sow body weight.  Anderson (1975) 
compared a group of pregnant gil ts  fed 2.27 kg feed daily to gil ts  given 
no feed (inanit ion),  but were offered water.  A high percentage (79%) 
of the gil ts  subjected to inanit ion remained pregnant up to 37 days,  
however,  only 25% remained pregnant when inanit ion continued beyond 41 
days.  Fetal  survival rate in the inanit ion pregnant gil ts  remained high 
and equivalent to those found in the fed control  gil ts  (2.72 kg/day; 
14% protein),  but prolonged inanit ion adversely affected development of 
the fetuses.  In 1978, Anderson and Dunseth reported that  maternal dietary 
restriction from days 30 to 70 or 110 l imited fetal  growth. The Yorkshire 
gil ts  fed a l imited ration (0.80 kg/day; 2,208 kcal)  from days 30 to 
70 or from days 30 to 110 of gestation maintained a pregnancy rate of 
93% which was similar to the percentages found in the control  gil ts  (1.82 
3 
kg/day; 5,008 kcal;  16% protein).  The gil ts  fed 0.8 kg/day had a reduced 
number of surviving fetuses by day 110. To study the effect  of a pro­
longed period of inanit ion from days 30-70 or days 50-90 of gestation 
Hard and Anderson (1979) allowed gil ts  to consume only water.  Lit ter  
size was not affected by treatment and 74% of the inanit ion gil ts  during 
either the middle or late gestation maintained pregnancy compared to 
100% in controls.  The test  gil ts  were gradually realimented to the con­
trol  diet  (2.72 kg/d,  16% protein) and allowed to complete pregnancy. 
Hard and Anderson (1982) reported the reproductive performance through 
two successive pregnancies of gil ts  born to dams full-fed or deprived 
of nutrients during pregnancy. They concluded that  maternal nutrient 
deprivation during middle or late pregnancy had l i t t le detrimental  effect  
on subsequent growth and reproduction.  
Ell iot  and Lodge (1977) fed sows ei ther 0.45 or 2.27 kg feed per 
day from day 100 of gestation unti l  farrowing. The level of feed intake 
did not significantly affect  l i t ter  size or birth weight,  but sow body 
weight decreased. In a similar study, Ell iot  and Lodge (1978) reported 
that  feed intake of .45 or 2.27 kg/day during the last  two weeks of preg­
nancy did not influence survival,  average weaning weight or total  l i t ter  
gain.  Hard and Anderson (1979) stated that  offspring of dams offered 
no feed in the middle or last  tr imester of pregnancy not only had reduced 
birth weight,  but also reduced growth rate to 80 days of age.  
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Protein level 
Swine seldom experience nutrient deficiencies which influence repro­
duction under current feeding standards.  The sow has the abil i ty to 
protect  her fetuses and is  capable of producing grossly normal,  viable 
young when deprived of dietary protein during gestation.  
Several  studies have shown that  intake of protein during gestation 
does not affect  birth weight at  parturit ion (Rippel et  al . ,  1955b; Frobish 
et  al . ,  1966; Hoi den et  al . ,  1968; Pond and Walker,  1968; Greenhalgh 
et  al . ,  1977).  In 1963, Clawson et  al . ,  reported no significant treatment 
difference in average birth weight of pigs farrowed by gil ts  that  were 
fed diets containing 5%, 10%, 20% and 40% protein and consuming either 
.3 or 1.2 pound of protein daily.  DeGeeter et  al .  (1972) fed diets of 
corn and corn-soybean meal containing 45 g/day and 305 g/day of protein,  
respectively,  and found birth weights were similar for the two treatments.  
Mahan (1981) discussed several  research reports in which the effect  of 
gestation protein level on sow reproductive performance was evaluated.  
Pig birth weight was not significantly affected by gestation protein 
levels from 8 to 16 percent.  When a very low or nonprotein diet  (0-3%) 
was provided throughout gestation,  however,  there was a reduction in 
birth weight.  Similarly,  Pond et  al .  (1969) demonstrated that  birth 
weight was reduced in pigs born to gil ts  fed a protein free diet  through­
out pregnancy, but not in gil ts  deprived from day 24 of gestation to 
parturit ion.  Birth weights of pigs from inanit ion dams (0 kcal/day; 
water only) in the middle or last  third of pregnancy were significantly 
less than those from full-fed dams (Hard and Anderson, 1979).  
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Numerous reports on the effect  of protein intake during gestation 
have shown no significant differences between protein levels (Baker et  
al_. ,  1970; Clawson et  al . ,  1963; Hard and Anderson, 1979; Hard and Ander­
son, 1982; Hoi den et  al . ,  1968; Rippel et  al . ,  1965c).  Hoi den et  al .  
(1968) reported the effects of dietary protein intakes during gestation 
of 146, 218, 291 and 364 g/day fed through four consecutive reproductive 
cycles.  Lit ter  performance of the sows completing four reproductive 
cycles showed no significant differences for number of pigs farrowed 
or number of pigs farrowed alive.  Also in 1968, Pond and Walker reported 
that  gil ts  fed a protein free diet  (9 g/day) from breeding to parturit ion 
farrowed l i t ters that  were similar to gil ts  fed a control  diet  containing 
12% protein.  However,  Frobish et  al .  (1966) found that  the number of 
pigs farrowed alive by sows on high protein (364 g/day) was superior 
to the number of pigs farrowed alive by sows on the low protein (182 
g/day) intake,  but the difference was not significant.  
Protein restriction,  expressed either in grams consumed per day 
or a percentage of the diet ,  influences weaning weight.  Rippel et  al .  
(1965c) fed gil ts  a corn diet  from day 70 to day 109 of gestation and 
reported no effects on growth rate of progeny, however,  sows nursing 
offspring that  received the corn diet  . throughout gestation did not gain 
as rapidly as those which were fed the 16% protein diet  continuously.  
Baker et  al .  (1970) fed diets of corn or corn-soybean meal and found 
that  l i t ter  means for pig weights at  42 days and feed consumption between 
21 an 42 days were less for offspring from gil ts  that  had been fed the 
corn diet  throughout gestation.  These results approached significance 
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(P<.10) as did the findings of Hoi den et  al .  (1968),  who reported that  
pig gains from birth to weaning increased as protein level increased. 
Other reports (Antinmo et  al . ,  1974; DeGeeter et  al . ,  1972; Pond and 
Walker,  1968) have also stated that  progeny from gil ts  fed low protein 
diets consistently gained slower than the pigs from control  gil ts .  Pond 
et  al .  (1969) observed that  dietary protein restriction throughout preg­
nancy resulted in reduced postnatal  weight gain of progeny. In the work 
of Hard and Anderson (1979),  progeny born to gil ts  starved in the middle 
or last  third of pregnancy, weighed significantly less at  30,  36, 42 
and 80 days compared to controls.  In a subsequent study. Hard and Ander­
son (1982) reported on the growth and reproductive performance of gi l ts  
born to dams deprived of nutrients during the middle or last  third of 
gestation.  Birth and weaning weight of gil ts  were reduced when compared 
to those of gil ts  from control  dams. However,  by 150 days of age body 
weights were similar.  Gilts  born of dams subjected to starvation reached 
puberal  estrus earl ier  than gil ts  from control  dams. In their  f irst  
parity,  l i t ter  weights at  birth and l i t ter  size were similar,  however,  
number of pigs weaned tended to be smaller for sows whose dams had been 
subjected to starvation compared to control  sows. 
Research of the effect  of protein intake during pregnancy on survival 
of pigs is  l imited.  Rippel et  al .  (1965c),  Holden et  al .  (1968) and 
Clawson et  al .  (1963) have reported that  pig survival,  as measured by 
number of pigs weaned, was not affected by protein intake.  Frobish et  
a]_.  (1966),  however,  found that  sows fed a high-protein intake compared 
with sows on low-protein intake weaned significantly more pigs.  Under 
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more severe nutri t ional conditions.  Hard and Anderson (1979) stated that  
early death losses in nursing pigs born to inaninated dams fed no feed 
during mid or late pregnancy resulted from inadequate maternal lactation 
and reduced vigor at  birth.  
Nitrogen balance 
Nitrogen balance is  the difference between nitrogen intake and nitro­
gen excreted in the feces and urine.  The concept of nitrogen balance 
is  attractive in theory,  and i t  allows a comparison to be made of dif­
ferent diets but is  rarely able to provide absolute data (Elsley and 
MacPherson, 1972) on nitrogen retention.  
Studies have been conducted to obtain information on the effect  
of pregnancy on nitrogen retention and efficiency with which protein 
is  uti l ized.  Elsley et  al .  (1966) found highly significant differences 
in pre-slaughter l ive-weight,  weight of reproductive tract  and weight 
of the mammary region between pregnant and nonpregnant gil ts  fed 2.2 
kg of a 14% crude protein diet .  The nitrogen retention was 9% higher 
for pregnant compared to nonpregnant gil ts  when slaughtered at  110 days 
of gestation.  In a similar study. Heap and Lodge (1967) reported mean 
weight gains were 35.9 and 4.3 kg, respectively,  for pregnant and non­
pregnant sows. The extra carcass gain was located in the carcass and 
reproductive organs.  The gravid gil t  has a greater capacity for retaining 
dietary nitrogen than does the nongravid gil t  as reported by Rippel et  
al_.  (1965a),  who found the biological  value for a 3% protein corn-soybean 
meal diet  was 99% for the gravid gil t  while Baker et  al .  (1966),  using 
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the same reference diet ,  found the biological  value to be 69% for the 
nongravid gil t .  
Nitrogen balance tr ials with pregnant swine to study the effect  
of daily nitrogen intake and stage of pregnancy on nitrogen retention 
have yielded conflicting results.  Rippel et  al .  (1965a) studied nitrogen 
balance of gil ts  at  day 85 and day 105 of gestation.  The basal  corn 
and soybean meal diet  varied in protein from 0 to 15% by dilution with 
various levels of corn starch.  The amount of nitrogen retained was 
greater at  105 days than at  85 days of pregnancy for al l  levels of crude 
protein and Rippel et  al .  (1955a) suggested that  a daily intake of 230 
gm crude protein met the gil ts  nitrogen needs during the last  third of 
gestation.  However,  Miller et  al .  (1969) indicated that  285 gm of crude 
protein intake is  near the minimum per day for maximum nitrogen retention.  
In a study to determine the threonine requirement for reproduction,  
Leonard and Speer (1983) found that  nitrogen retention was greater 
at  day 90 of pregnancy than at  day 45,  however,  when an amino acid-
deficient diet  was fed nitrogen retention did not increase in late preg­
nancy. Similarly,  Woerman and Speer (1975) conducted nitrogen balance 
tr ials 12 days before mating and at  day 30, day 50 and day 95 of pregnancy 
to determine the lysine requirement for reproduction through two repro­
ductive cycles.  They found small  differences for periods within a preg­
nancy for nitrogen retention,  while nitrogen retention was greater in 
the second pregnancy compared to the f irst  pregnancy. 
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Plasma urea nitrogen 
Plasma urea level is  influenced by protein content in the diet ,  
the t ime after feeding and the protein quali ty of the diet  (Eggum, 1970).  
In a series of t r ials,  Eggum (1970) determined that  there was a posit ive 
correlation (r=.95) between protein content in the diet  and the blood 
urea content.  Eggum also determined in the pig that  blood urea content 
increases for the f irst  3 to 4 hours after feeding and thereafter a pla­
teau is  attained. Also blood urea decreases with increasing quali ty 
of the protein in the diet .  Brown and Cline (1974) also observed a de­
crease in plasma urea when pigs consumed a lysine deficient diet  supple­
mented with lysine.  They suggested that  as the dietary amino acid balance 
is  improved by supplementation of the f irst  l imiting amino acid,  protein 
synthesis is  increased and the excesses of the nonlimiting amino acids 
are reduced. Thus,  fewer nonlimiting amino acids are catabolized and 
the amount of urea synthesized should decrease.  Similar f indings,  that  
plasma urea concentration decreases when deficient amino acids are supple­
mented, have been reported (Easter and Baker,  1977; Leonard and Speer,  
1983; Meisinger and Speer,  1979; Woerman and Speer,  1976) for pregnant 
swine.  Essential  amino acid requirements for lactation studies have 
reported a similar trend (Lewis and Speer,  1973; Lewis and Speer,  1974a, 
b;  Rousselow et  al . ,  1979).  However,  in a study to determine the valine 
requirement for lactation,  Rousselow and Speer (1980) reported plasma 
urea concentrations failed to decrease with increasing levels of valine 
supplementation.  Thus,  plasma urea concentration should not be used 
by i tself  when estimating the amino acid requirement.  
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Plasma free amino acids 
Reports in the l i terature have indicated that  postfeeding changes 
in the plasma amino acid concentration are dependent on the amino acid 
composit ion of the diet  consumed. Research work with rats (Sauberlich 
and Salmon, 1955) and chicks (Gray et  al . ,  1960; Hill  and 01 sen,  1963) 
has shown that  dietary amino acid deficiencies result  in reduced plasma 
concentration of that  amino acid.  Using mongrel dogs,  Longenecker and 
Hause (1959) stated that  changes in the plasma amino acid concentration 
after a meal is  dependent upon the amino acid composit ion of the protein 
ingested.  Richardson et  al .  (1953) and Hill  et  al .  (1961) found an accu­
mulation of an amino acid in the plasma when excesses were supplied in 
the diet .  
Zimmerman and Scott  (1965) used plasma amino acid concentration 
to estimate the amino acid requirement for lysine in chicks.  They found 
that  lysine did not accumulate in the plasma so long as the concentration 
of dietary lysine was less than that  needed to maximize weight gain.  
Once this level was exceeded lysine began to accumulate rapidly in the 
plasma. Morrison et  al .  (1961),  using rats,  observed that  when the amino 
acid lysine is  added in graded levels to a diet  deficient in this amino 
acid,  the plasma concentration of the amino acid remains rather low and 
constant unti l  the dietary requirement is  reached. Longenecker and Hause 
(1959) suggested that  if  the amino acids are removed from the plasma 
at  rates which are proportional to the amino acid requirement,  then the 
most l imiting amino acid of a protein should give the smallest  relative 
increase or the largest  relative decrease with respect to the amino acid 
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requirement.  This suggestion is  supported by the work of Mitchell  et  
(1968) with pigs,  who found that  addition of an amino acid to a diet  
deficient in that  amino acid does not cause a significant increase in 
i ts  plasma concentration at  levels sub-optimal to dietary need, but when 
excess levels of an amino acid are in the diet ,  levels of this free amino 
acid increase.  
Plasma free amino acid concentration along with other metabolic 
and productive measurements have been used to estimate the requirement 
of an amino acid for gestation.  The requirement for sulfur amino acids 
(Hoiden et  al . ,  1971),  for lysine (Woerman and Speer,  1976),  for trypto­
phan (Meisinger and Speer,  1979),  and for threonine (Leonard and Speer,  
1983) have been estimated for gestation using these cri teria.  
Metabolism of phenylalanine and tyrosine 
Phenylalanine and tyrosine are synthesized by a common pathway in 
E. coli  (Stryer,  1981).  The init ial  step is  condensation of a glycolytic 
intermediate (phosphoenolpyruvate) and a pentose phosphate pathway inter­
mediate (erythrose-4-phosphate).  
Tyrosine is  formed by the hydroxylation of phenylalanine,  a reaction 
catalyzed by phenylalanine hydroxylase.  Phenylketonuria,  an inborn error 
of phenylalanine metabolism, is  caused by an absence of phenylalanine 
hydroxylase.  Excess phenylalanine in the diet  of individuals with phenyl­
ketonuria is  not degraded to final  metabolic products (acetoacetate and 
fumarate).  Individuals with phenylketonuria usually are severely mentally 
retarded and hyperactive.  
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The conversion of phenylalanine to tyrosine is  essential  for the 
formation of neurotransmitters,  norepinephrine,  epinephrine and dopamine. 
The catecholamines are synthesized from tyrosine in sympathetic-nerve 
terminals and in the adrenal gland (Stryer,  1981).  Thyroxine and t r i­
iodothyronine,  produced by the thyroid gland, are two hormones that  are 
derivatives of tyrosine (Beck, 1982).  
Phenylalanine and tyrosine requirement 
Rose et  al .  (1955) established phenylalanine as one of the amino 
acids that  must be supplied in the diet  for maintenance of nitrogen equi­
l ibrium in the human male.  Rose and Wixom (1955) suggested that  tyrosine 
in the diet  may exert  a sparing action upon phenylalanine requirement.  
In the absence of tyrosine,  these workers found that  the addition of 
tyrosine reduced the phenylalanine requirement 70 to 75%. A replacement 
value of 35 to 40% for women and approximately 50% for men was reported 
by Burri l l  and Schuck (1964).  Tyrosine replacement values of the total  
requirement for aromatic amino acid have been reported for the following 
animal species:  growing rats,  45% (Stockland et  al . ,  1971);  chicks,  
42.5% (Sasse and Baker,  1972) and weanling pig,  49% (Robbins and Baker,  
1977).  
Requirement recommendations for total  aromatic amino acids for the 
growing rat  have been reported as follows: .69% (Stockland et  al . ,  1971),  
.9% (Womack and Rose,  1945) and .72% (Rama Rao et  al . ,  1961).  For the 
growing chick,  a requirement estimate of .87% has been reported by Sasse 
and Baker (1972).  For the growing pig,  the following dietary estimates 
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have been reported: .46% (Mertz et  al . ,  1954),  and .56% (Robbins and 
Baker,  1977).  These researchers considered optimal gain,  feed efficiency 
and plasma free phenylalanine and tyrosine levels in making their  recom­
mendations.  
There is  a dearth of information on the phenylalanine requirement 
for the gravid and nongravid gil t .  Baker et  al .  (1966) reported a re­
quirement of .049% phenylalanine for maintenance of the nongravid gil t  
fed 1.82 kg diet  daily.  Rippel et  al .  (1965b) selected gil ts  at  the 
86th to 88th day postcoitum and fed a 12% protein isolated soybean protein 
diet  for approximately 10 days at  a level of 1.82 kg per head daily.  
About the 98th day postcoitum the gil ts  were given the test  diet .  Five 
day fecal and seven day urine collections were init iated after the gil ts  
had received the test  diet  for 4 and 5 days,  respectively.  Based upon 
these l imited data,  the gravid gil t  did not require more than 0.30% 
phenylalanine when the diet  contained 0.33% tyrosine.  
Explanation of Dissertation Format 
The total  aromatic amino acid and L-phenyl alanine tr ials reported 
in this dissertation will  be submitted for publication to the Journal 
of Animal Science under the authorship of J .  C. Trew and V^ C. Speer.  
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EXPERIMENTAL PROCEDURE 
In tr ial  one,  12 gravid gil ts  (Yorkshire x Landrace) were assigned 
randomly to two 5x5 Latin square experiments (Cochran and Cox, 1957) 
from day 40 to day 100 of gestation.  In tr ial  two, six gravid gil ts  
(Yorkshire x Landrace) were assigned randomly to a 6 x 5 Latin square 
experiment from day 40 to day 100 of gestation.  Animals were fed a diet  
containing 12% protein (N x 6.25),  which was wetted at  feeding at  the 
rate of 1.82 kg once daily unti l  the end of the tr ial .  
In tr ial  one,  the basal diet  (.13% phenylalanine plus tyrosine) 
was supplemented with L-phenylalanine to provide 2.37 (basal) ,  4.19,  
5.00, 7.83,  9.65,  and 11.47 grams/day total  aromatic amino acids (Table 
la,b).  L-glutamic acid and corn starch amounts were al tered to maintain 
isonitrogenous diets as increasing levels of L-phenylalanine were added 
to the basal diet .  The basal  diet  was calculated to contain al l  essential  
nutrients except phenylalanine at  recommended levels (NRC, 1979).  
A second tr ial  was conducted using the basal diet  (Table 1) with 
the addition of L-tyrosine to provide 5.00 grams/day tyrosine,  while 
supplementation with L-phenylalanine produced diets that  supplied 7.46 
(basal) ,  8.37,  9.28, 10.19, 11.10, and 12.00 grams/day total  aromatic 
amino acids or 1.46, 2.27, 3.27,  4.20, 5.10 and 6.00 grams/day 
L-phenylalanine.  
Init ial ly the gil ts  were housed in an open-front shed for breeding. 
On day 35 of gestation the gil ts  were transferred to an enclosed building 
provided with supplemental  heat and were penned individually in gestation 
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Table la.  Composit ion of basal  diet^ 
Ingredients Percent*^ 
Dextrose 29.00 
Corn starch 27.60 
Whey 18.00 
Glutamic acid 14.00 
Solka f loe 2.60 
Dicalcium phosphate 2.50 
Soy oil  2.50 
Amino acid premix 1.56 
Vitamin premixd 1.00 
Potassium carbonate .50 
Sodium bicarbonate .40 
Calcium carbonate .20 
Selenium premix .07 
Trace mineral  premix® .06 
Magnesium oxide .01 
Total  100.00 
aDiets were maintained isonitrogenous with L-glutamic acid.  
'^L-phenylalanine added to provide 2.37 (basal  diet) ,  4.19,  6.00, 
7.83, 9.65,  and 11.47 grams/day total  aromatic amino acid in the experi­
mental  diets of t r ial  one.  
^L-tyrosine added to provide 6.00 grams/day tyrosine; L-phenylalanine 
added to provide 7.46 (basal) ,  8.37,  10.19, 11.10, and 12.00 grams/day 
total  aromatic amino acids in the experimental  diets of t r ial  two. 
dContributed per kilogram of diet:  vitamin A, 2000 ID; vitamin 03,  
200 lU; vitamin E, 10 lU; r iboflavin,  3 mg; niacin,  10 mg; pantothenic 
acid; 12 mg; vitamin B12; 15 ugi vitamin 86, 1 mg: thiamin, 1 mg: biotin,  
.1 mg; folacin,  .5 mg; choline,  1250 mill igrams. 
eContributed the following in mill igrams per kilogram of diet:  
Zn, 120; Fe,  60; Mn, 33; Cu, 6.6;  I ,  .9;  Se,  .14.  
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Table lb.  Composit ion of basal  diet  
Essential  amino acid composit ion,  g/d 
Supplied by 
Amino acid Wheya Premix Total  
Arginine .91 - — .91 
Cystine .91 - — .91 
Histidine 
CM 2.03 2.75 
Isoleucine- 3.08 3.71 6.79 
Leucine 3.99 3.71 7.70 
Lysi ne 4.35 3.44 7.79 
Methionine .72 3.91 4.63 
Phenylalanine^ 1.45 - -
Threonine 2.90 3.28 6.18 
Tryptophan .61 1.10 1.71 
Tyrosine^ C
M
 C
O
 
- -
V al i  ne 2.72 5.67 8.39 
^Phenylalanine and tyrosine values based on analysis.  All  others 
calculated from NRC (1979).  
'^L-phenylalanine added to provide 2.37 (basal  diet) ,  4.19, 6.00, 
7.83,  9.65, and 11.47 grams/day total  aromatic amino acid in the experi­
mental  diets of t r ial  one.  
^L-tyrosine added to provide 6.00 grams/day tyrosine; L-phenylalanine 
added to provide 7.46 (basal) ,  8.37,  10.19, 11.10, and 12.00 grams/day 
total  aromatic amino acids in the experimental  diets of t r ial  two. 
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crates. The gilts were fed the basal diet from day 35 to day 39 for 
pretrial adjustment. Treatment diets for each gilt were initiated on 
day 40 of gestation and fed for a period of 10 days. Each diet was fed 
to one of the gilts within each of the six 10-day periods. 
Nitrogen balance trials were conducted during the last 5 days of 
each dietary period. Urine collection was facilitated by bladder cath­
eters. The urine was collected in carboys containing 50 ml 1.0 N HCl. 
Urine volume was measured and a .5% subsample was taken daily, frozen 
and stored at -20 C until analyzed. Feces were collected daily, frozen 
and stored for later analysis. Blood samples were withdrawn from the 
cranial vena cava prior to feeding and again 2 hours postfeeding the 
last day of each dietary period. The heparinized blood samples were 
centrifuged, plasma removed and frozen at -20 C until analyzed. 
Feces, feed and urine were analyzed for nitrogen content by the 
macro-Kjeldahl (AOAC, 1975) method. Blood plasma and urine were analyzed 
for urea nitrogen as described by Marsh et al.  (1965). Feed samples 
were hydrolyzed in 5 N HCl under nitrogen for 22 hours at 110 C (Kaiser 
et al. ,  1974). Hydrolyzed feed and plasma samples were analyzed for 
amino acids by gas-liquid chromatography (Frank et al. ,  1980). Plasma 
impurities were removed by the method of Adams (1973) before amino acid 
analysis. The phenylalanine (trial 1) was analyzed by a modification 
of the HPLC method of Nissen et al.  (1982). The chromatographic separa­
tion was continued until a peak identified as phenyl pyruvate (Ketoacid 
of PHE) was eluted. The samples were immediately analyzed upon prepara­
tion and norleucine was used as an internal standard. 
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Data were analyzed by the least squares method of Harvey (1960). 
Minimum amino acid requirements were estimated by broken-line analysis 
(Draper and Smith, 1981). 
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RESULTS: TRIAL 1 
Total aromatic amino acid (T.AAA) intake effects on nitrogen balance 
are presented in Table 2. Increasing dietary TAM resulted in a linear 
decrease (P<.05) of fecal nitrogen excretion. Urinary nitrogen excretion 
decreased, while daily nitrogen retention increased linearly (P<.01) 
and quadratically (P<.05) with increasing levels of TAAA intake. Stage 
of pregnancy (period) had no significant effects on any of the nitrogen 
balance measurements (Table 4). 
Plasma urea nitrogen data are presented in Table 3. Plasma urea 
nitrogen levels decreased linearly and quadratically (P<.01) as levels 
of dietary TAAA increased. The responses were similar for both the post-
feeding and fasting plasma samples. There were stage of pregnancy (pe­
riod) effects for postfeeding and fasted (P<.01) plasma urea levels (Table 
4). Urinary urea decreased linearly (P<.01) with increasing dietary 
TAAA to 9.65 grams/day intake (Table 3). 
The response of plasma phenylalanine and tyrosine during gestation 
to dietary TAAA intake is shown in Table 3. Plasma phenylalanine concen­
tration postfeeding increased linearly (P<.01) with increasing levels 
of TAAA intake, while fasting concentration was unaffected by dietary 
levels of TAAA. The postfeeding:fasting phenylalanine ratios were greater 
than one for the five higher dietary TAAA levels, while the lowest phenyl­
alanine level fed resulted in a ratio less than one. Both fasting and 
postfeeding levels of tyrosine increased (P<.01) with increasing levels 
of dietary TAAA. The postfed:fasted tyrosine ratios were less than one 
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Table 2. Nitrogen (N) balance of gilts fed different levels of phenyl­
alanine (PHE), g/d—Trial 1 
Intake^'b 
PHE 1.55 3.37 5.18 7.01 8.83 10.65 
TAAA 2.37 4.19 6.00 7.83 9.65 11.47 SE 
Fecal N'­ 1.90 1.75 1.77 1.38 1.77 1.46 0.14 
Urine 26.91 26.00 22.92 21.62 22.86 22.24 1.11 
N retained^ 5.44 5.50 9.55 11.23 9.61 10.54 1.13 
^All diets contained .45 g/kg and supplied .82 g/d tyrosine. 
intake 34.2 g/d. 
^Treatment effect linear (P<.05). 
^Treatment effect linear (P<.01) and quadratic (P<-05). 
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Table 3. Plasma free amino acids, plasma urea and urine urea concentra­
tions in gilts fed different levels of phenylalanine 
(PHE)-Trial 1 
Intake, g/d* 
PHE 1.55 3.37 5.18 7.01 8.83 10.65 
TAAA 2.37 4.19 6.00 7.83 9.65 11.47 SE 
Plasma phenylalanine, mg/dl 
fasted 1.04 1.01 1.03 1.08 1.12 1.10 .10 
postfed^ .65 1.28 1.68 2.18 2.82 3.44 .19 
ratio .63 1.25 1.66 2.14 2.69 3.15 .18 
Plasma tyrosine ,  mg/dl 
fasted^ .73 .79 .82 .92 .86 1.02 .10 
postfed^ .59 .61 .69 .76 .89 1.05 .07 
ratio .82 .82 .85 .88 1.06 1.07 .10 
Plasma urea. mg/dl 
fasted^'C 10.52 9.70 8.44 8.54 8.73 9.08 .40 
postfed^'C 10.82 9.72 8.93 9.18 8.92 9.51 .36 
ratio 1.02 1.00 1.06 1.08 1.02 1.04 .03 
Urine urea. g/d 
Mean^ 14.90 13.38 12.30 11.76 10.78 12.80 1.38 
^All diets contained .45 g/kg and supplied .82 g/d tyrosine. 
^Treatment effect linear (P<.01). 
^Treatment effect quadratic (P<.01). 
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Table 4. Plasma free amino acids, plasma urea, urine area concentrations 
and nitrogen balance in gilts fed different levels of phenyl­
alanine as affected by day of pregnancy—Trial 1 
Day of pregnancy 
Item 45-49 55-59 65-69 75-79 85-89 95-99 SE 
Plasma phenylalanine, mg/dl 
fasted^ 1.32 1.00 .94 1.01 .99 ro
 
.07 
postfed 1.86 1.90 1.84 2.12 2.18 2.14 .14 
ratiob 1.47 1.96 1.92 2.08 2.14 1.96 .13 
Plasma tyrosine ,  mg/dl 
fasted 1.00 .84 .76 .90 .80 .82 .07 
postfed .80 .74 .72 .77 .82 .74 .06 
ratio .84 .92 .92 .88 1.04 .89 .07 
Plasma urea. mg/dl 
fasted^ 9.27 8.14 8.42 9.06 9.84 10.29 .29 
postfed^ 9.79 8.46 8.73 9.48 10.05 10.55 .25 
ratio 1.06 1.05 1.05 1.04 1.02 1.02 .02 
Urine urea. g/d 
Mean 14.54 13.15 13.01 10.82 13.10 11.28 1.05 
Nitrogen balance, g/d 
fecal N 1.46 1.61 1.80 1.74 1.64 1.80 .10 
urine N 25.36 24.28 23.43 22.24 24.62 22.61 .85 
N retained 7.42 8.36 9.01 10.26 7.98 9.84 00
 
00
 
*(P<.01). 
^(P<.05). 
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until daily intake reached 9.65 grams of TAAA. There were no stage of 
pregnancy (period) effects for plasma tyrosine or postfed plasma phenyl­
alanine, however, fasting plasma phenylalanine levels decreased signif­
icantly after the first 10-day period and then remained at a low level 
for the remaining five periods. Initial weight and reproduction data 
are present in Table A.l.  
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RESULTS: TRIAL 2 
Pregnancy nitrogen balance data are presented in Table 5. Increasing 
dietary levels of phenylalanine resulted in a linear decrease (P<.05) 
in daily urinary nitrogen excretion and a concomitant linear increase 
(P<.05) in daily nitrogen retention. No stage (period) of pregnancy 
effect was detected for fecal nitrogen, urine nitrogen or retained nitro­
gen (Table 7). 
Plasma urea nitrogen levels for both postfeeding and fasting were 
not significantly affected by increasing dietary levels of phenylalanine 
(Table 6). Stage of pregnancy significantly (linear P<.05) effected 
plasma urea nitrogen (Table 7). A quartic (P<.05) response was shown 
by urine urea with increasing levels of phenylalanine in the diets (Table 
6 ) .  
Plasma phenylalanine levels postfeeding increased linearly (P<.01) 
with increasing levels of phenylalanine intake while fasting concentration 
did not change (Table 6). Added phenylalanine intakes of 0.0 and .91 
grams/day resulted in postfeeding:fasting ratios less than one. Fasted 
levels of tyrosine increased linearly (P<.G5) and cubically (P<.01) with 
increasing levels of phenylalanine intake while postfed concentration 
showed no response (Table 6) to dietary treatments. The plasma tyrosine 
ratios for postfeeding:fasting were all greater than one. Plasma phenyl­
alanine and tyrosine data during gestation in response to total aromatic 
amino acid intake are shown in Table 7. Initial weight and reproduction 
data are presented in Table A.l.  
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Table 5. Nitrogen balance of gilts fed different levels of phenylalanine, 
g/d—Trial 2 
Intake^ 
Added PHE 0 .91 1.82 2.73 3.64 4.54 
PHE 1.46 2.27 3.27 4.20 5.10 6.00 
TAAA^ 7.46 8.37 9.28 10.19 11.10 12.00 SE 
Fecal N 2.19 1.86 1.68 2.00 1.98 1.60 0.24 
Urine 26.73 25.68 24.01 23.57 21.65 22.82 1.65 
N retained^ 6.18 7.56 9.40 9.52 11.46 10.67 1.74 
intake 35.1 g/d. 
^All diets contained 3.3 g/kg and supplied 6.00 grams/day tyrosine. 
^Treatment effect linear (P<.05). 
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Table 6. Plasma free amino acids, plasma and urine urea concentrations 
in gilts fed different levels of phenylalanine—Trial 2 
Intake, g/d 
Added PHE 0 .91 1.82 2.73 3.64 4.54 
PHE 1,46 2.27 3.27 4.20 5.10 6.00 
TAAA* 7.46 8.37 9.28 10.19 11.10 12.00 SE 
Plasma phenylalanine, mg/dl 
fasted 1.38 1.12 1.82 2.08 1.72 1.78 .33 
postfed" .68 .80 1.83 1.94 3.18 2.92 .32 
ratio" .73 .74 1.10 1.04 2.04 1.94 .25 
Plasma tyrosine ,  mg/dl 
fasted^'d 1.06 .86 .99 1.10 1.12 1.04 .04 
postfed 1.54 1.52 1.58 1.72 1.70 1.76 .15 
ratio 1.54 1.80 1.58 1.56 1.52 1.68 .14 
Plasma urea. mg/dl 
fasted 12.07 11.27 11.70 10.32 11.39 10.86 .58 
postfed 12.12 11.34 11.44 10.44 11.18 11.19 .52 
ratio 1.00 1.02 .95 1.02 .99 1.03 .02 
Urine urea. g/d 
Mean® 16.09 19.58 14.10 13.72 15.79 17.59 1.47 
®A11 diets contained 5.00 grams/day tyrosine. 
^Treatment effect linear (P<.01). 
^Treatment effect linear (P<.05). 
^Treatment effect cubic (P<.01). 
^Treatment effect quartic {P<.05). 
27 
Table 7. Plasma free amino acids, plasma urea, urine urea concentrations 
and nitrogen balance in gilts fed different levels of phenyl­
alanine as affected by day of pregnancy—Trial 2 
Day of pregnancy 
Item 45-49 55-59 65-69 75-79 85-89 95-99 SE 
Plasma phenylalani ne, mg/dl 
fasted 1.43 1.91 1.64 1.37 1. 84 1. 70 .34 
postfed 1.43 2.04 2.30 1.68 2. ,12 1. ,78 .32 
ratio 1.23 1.06 1.57 1.16 1. ,54 1. ,02 .24 
Plasma tyrosine ,  mg/dl 
fasted .92 1.04 .93 1.04 1. ,14 1. ,08 .42 
postfed 1.40 1.42 1.56 1.72 1.88 1. .84 .14 
ratio 1.56 1.43 1.66 1.65 1. .65 1, .70 .15 
Plasma urea, mg/dl 
fasted 10.7 9.18 10.63 12.30 11, .97 12, .82 .58 
postfed^ 10.87 9.10 10.96 12.02 12, .08 12 .68 .53 
ratio 1.01 .99 1.03 .98 1, .01 .99 .02 
Urine urea. 9/d 
Mean 17.34 17.26 18.04 14.96 14 .86 15 .38 1.47 
Nitrogen balance, g/d 
fecal N 1.65 1.74 1.79 1.61 2 .31 2 .15 .25 
urine N 26.02 25.86 24.20 21.80 24 .18 22 .40 1.65 
N retained 7.42 7.49 9.10 11.68 8 .59 10 .48 1.74 
*(P<.05). 
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DISCUSSION 
Maximum nitrogen retention was attained when 7.83 grams/day (.43% 
of the diet) TAM were fed to the 12 pregnant gilts in trial 1. Broken-
line analysis indicates a dietary TAAA requirement of .43% for urine 
nitrogen and .42% for retained nitrogen data (Table 2). In trial 2, 
although the linear regression component was significant, maximum nitrogen 
retention and minimum urine nitrogen excretion occurred with a dietary 
intake of 5.10 g/day (.28% of the diet] phenylalanine. Rippel et al.  
(1965b) suggested not more than .30% phenylalanine was required in late 
pregnancy, when the diet contained .33% tyrosine. 
Brown and Cline (1974) associated minimal levels of plasma urea 
nitrogen with optimal amino acid balance. Postfeeding plasma urea de­
creased with an improved dietary amino acid balance and the minimum plasma 
urea level occurred when the dietary requirement of the limiting amino 
acid was met. Plasma urea concentrations decreased as the level of die­
tary aromatic acids increased in trial 1. Broken-line analysis for fast­
ing and postfeeding urea concentrations indicates a dietary requirement 
of .37% and .34% total aromatic amino acids, respectively. In trial 2, 
plasma urea nitrogen was not significantly affected by dietary treatment 
(Table 5), however, the minimum levels of plasma urea nitrogen occurred 
with a dietary intake of 4.20 grams/day (.23% of the diet) phenylalanine. 
Urinary urea excretion (trial 2) was lowest with a dietary intake of 
4.20 grams/day or .23% phenylalanine and a large increase in excretion 
occurred when the diet contained 5.10 grams/day or .28% phenylalanine. 
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Morrison et al.  (1961), Zimmerman and Scott (1965) and Mitchell 
et al.  (1968) with the rat,  chick and pig, respectively, reported that 
the plasma concentration of an amino acid remains low and constant until 
the dietary requirement is reached, then there is an approximately linear 
increase in the concentration of the amino acid in the plasma with in­
creasing levels of the amino acid being studied. Dietary phenylalanine 
intakes of 3.37 grams/day (trial 1) and 3.27 grams/day (trial 2) caused 
substantial increases in plasma phenylalanine concentrations postfeeding. 
The comparison of postfed to fasting levels of plasma phenylalanine sug­
gests that the lowest level of phenylalanine intake that will increase 
postfeeding concentration of plasma phenylalanine above fasting concen­
tration is less than 3.37 grams/day and 3.27 grams/day for trials 1 and 
2, respectively. The postfeeding:fasting phenylalanine ratios were 
greater than one for the five (trial 1) and four (trial 2) higher dietary 
phenylalanine treatments while the basal diet (trial 1) and the two lowest 
phenylalanine levels fed (trial 2) resulted in a ratio less than one. 
Postfeeding:fasting ratios less than one have been reported by several 
authors (Longenecker and Hause, 1959; Meisinger and Speer, 1979; Leonard 
and Speer, 1983; Robles-Cabrera and Speer, 1983) and for different amino 
acids, and ratios less than one are considered to be indicative of an 
amino acid deficiency. The postfeeding:fasting tyrosine ratios (trial 
1) remained relatively constant and below one until .53% TAAA (9.65 grams/ 
day) were fed. The tyrosine ratios were greater than one for all dietary 
treatments, indicating that .33% tyrosine (6.00 grams/day) is greater 
than the dietary tyrosine requirement. 
Considering all the criteria evaluated in trial 1, .40% TAAA (7.28 
g/d) would seem to satisfy the dietary requirement for gestation. If i t  
is assumed that crystalline [-phenylalanine is 100% available and that 
phenylalanine in feedstuffs is about 87% available (Sauer et al. ,  1977; 
Rudolph et al. ,  1983) the TAAA requirement would increase to .41% or 
7.44 grams/day. Response criteria in trial 2 suggest a minimal phenyl­
alanine intake of .24% or 4.35 grams/day. Therefore, of the TAAA re­
quirement of .41% suggested in trial 1, a minimum of about 58% would 
need to be supplied by phenylalanine and the balance (42%) could be sup­
plied by tyrosine (trial 2). The portion of the TAAA requirement that 
can be furnished by tyrosine has been estimated at 49% for the weanling 
pig (Robbins and Baker, 1973), 42.5% (Sasse and Baker, 1972) to 47% (Sasse 
and Baker, 1973) for chicks and 45% (Rama Rao et al. ,  1961; Stockland 
et al. ,  1971) to 55% (Womack and Rose, 1946) for rats. 
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SUMMARY 
Experiments were conducted to determine the TAAA and L-PHE require­
ment for gestation. Feeding 7.83 and 7.64 g/d dietary TAAA in trial 
1 minimized urine N excretion (P<.05) and maximized N retention (P<.05), 
respectively. Fasted and postfed plasma urea N and urine N were mini­
mized with supplementation of 6.73, 6.19 and 9.65 TAAA (P<.01), respec­
tively. Plasma L-PHE and L-TYR increased (P<.01) as dietary TAAA intake 
increased. In trial 2, maximum N retention and minimum urine N excretion 
occurred when 5.10 g/d L-PHE were consumed. Plasma urea N and urine 
urea N were minimized by consumption of 2.73 and 4.23 g/d L-PHE, respec­
tively. An intake of 3.27 g/d L-PHE increased postfed plasma L-PHE con­
centration equal to fasted concentrations. Considering the criteria 
evaluated in trial 1, .41% or 7.44 g/d TAAA seems to meet the dietary 
requirement for pregnancy. Response criteria in trial 2 suggests a min­
imal L-PHE intake of .24% or 4.35 g/d. 
32 
BIBLIOGRAPHY 
Adams, R. F. 1973. A simplified gas chromatography procedure for the 
determination of amino acid profiles in serum and urine. Perkin-Elmer 
Corp., Instrument Division, Norwalk, CT. 
A. 0. A. C. 1975. Official Methods of Analyses. 12th Ed. Association 
of Official Agricultural Chemists, Washington, D.C. 
Anderson, L. L. 1975. Embryonic and placental development during 
prolonged inanition in the pig. Am. J .  Physiol. 229(6):1687. 
Anderson, L. L., and D. W. Dunseth. 1978. Dietary restriction and 
ovarian steroids on fetal development in the pig. Am. J.  Physiol. 
234(2):E190. 
Antinmo, T., W. G. Pond, and R. H. Barnes. 1974. Effect of maternal 
energy vs. protein restriction oh growth and development of progeny 
in swine. J.  Anim. Sci. 39:703. 
Baker, D. H., and V. C. Speer. 1983. Protein-amino acid nutrition of 
nonruminant animals with emphasis on the pig: past, present and fu­
ture. J.  Anim. Sci. 57(Suppl. 2):284. 
Baker, D. H., D. E. Becker, H. W. Norton, A. H. Jensen, and B. G. Harmon. 
1966. Some qualitative amino acid needs of adult swine for mainte­
nance. J.  Nutr. 88:382. 
Baker, D. H., D. E. Becker, A. H. Jensen, and B. G. Harmon. 1970. 
Reproductive performance and progeny development in swine as influenced 
by protein restriction during various portions of gestation. J.  Anim. 
Sci. 31:526. 
Beck, R. R. 1982. Endocrine control systems. Pp. 161-210 i_n E. E. 
Selkurt, ed. Basic Physiology for the Health Sciences. 2nd ed. 
Little, Brown and Company, Inc., Boston. 
Brown, J.  A., and T. R. Cline. 1974. Urea excretion in the pig: an 
indicator of protein quality and amino acid requirements. J.  Nutr. 
104:542. 
Burrill ,  L. M., and C. Schuck. 1964. Phenylalanine requirements with 
different levels of tyrosine. J.  Nutr. 83:202. 
Clawson, A. J. ,  H. L. Richards, G. Matrone, and E. R. Barrick. 1963. 
Influence of level of total nutrient and protein intake on reproductive 
performance in swine. J.  Anim. Sci. 22:662. 
33 
Cochran, W. G., and G. M. Cox. 1957. Experimental Designs. 2nd ed. 
John Wiley and Sons, Inc., New York. 
OeGeeter, M. J . ,  V. W. Hays, 0. D. Kratzer, and G. L. Cromwell. 1972. 
Reproductive performance of gilts fed diets low in protein during 
gestation and lactation. J.  Anim. Sci. 35:772. 
Draper, N. R., and H. Smith. 1981. Applied Regression Analysis. 2nd 
ed. John Wiley and Sons, Inc., New York. 
Easter, R. A., and D. H. Baker. 1977. Nitrogen metabolism of gravid 
gilts fed purified diets deficient in either leucine or tryptophan. 
J.  Anim. Sci. 44:417. 
Eggum, D. B. 1970. Blood urea measurement as a technique for assessing 
protein quality. Br. J.  Nutr. 24:983. 
Elliot, J.  I. ,  and 6. A. Lodge. 1977. Body composition and glycogen 
reserves in the neonatal pig during the first 96 hours postpartum. 
Can. J.  Anim. Sci. 57:141. 
Elliot, J.  I. ,  and G. A. Lodge. 1978. Severe feed restriction of the 
sow during late pregnancy. Can. J.  Anim. Sci. 58:43. 
Elsley, F. W. H., and R. M. MacPherson. 1972. Protein and amino acid 
requirements in pregnancy and lactation. Pages 417-434 i_n D. J.  A. 
Cole, ed. Pig produciton. Butterworths Press, London, England. 
Elsley, F. W. H., D. M. Anderson, I .  McDonald, R. M. MacPherson, and 
R. Smart. 1966. A comparison of the liveweight changes, nitrogen 
retention and carcass composition of pregnant and nonpregnant gilts. 
Anim. Prod. 8:391. 
Frank, H., A. Rettenmeier, H. Wicker, G. J.  Nicholson, and E. Bayer. 
1980. A new gas chromatography method for determination of amino 
acids in human serum. Clin. Chim. Acta 105:201. 
Frobish, L. T., V. C. Speer, and V. W. Hays. 1955. Effect of protein 
and energy intake on reproductive performance in swine. J.  Anim. 
Sci. 25:729. 
Gray, J.  A., E. M. Olsen, D. C. Hill,  and H. D. Branion. 1960. Effect 
of a dietary lysine deficiency on the concentration of amino acids 
in the deproteinized blood plasma of chicks. Can. J.  Biochem. Physiol. 
38:435. 
34 
Greenhalgh, J.  F. D., F. W. H. Elsley, D. A. Grubb, A. L. Lightfoot, 
D. W. Saul, P. Smith, N. Walker, D. Williams, and M. L. Yeo. 1977. 
Coordinated trials on the protein requirements of sows. 1. A com­
parison of four levels of dietary protein in gestation and two in 
lactation. Anim. Prod. 24:307. 
Hard, D. L., and L. L. Anderson. 1979. Maternal starvation and 
progesterone secretion, litter size, and growth in the pig. Am. J .  
Physiol. 237(3):E273. 
Hard, D. L., and L. L. Anderson. 1982. Growth, puberty and reproduction 
in gilts born to dams deprived of nutrients during pregnancy. J.  
Anim. Sci. 54:1227. 
Harvey, W. R. 1960. Least squares analysis of data with unequal 
subclass numbers. U.S. Dept. Agric.,  A.R.S. Pub, 20-8. 
Heap, F. C., and G. A. Lodge. 1967. Changes in body composition of 
the sow during pregnancy. Anim. Prod. 9:237. 
Hill,  D. C., and E. M. 01 sen. 1963. Effect of the addition of 
imbalanced amino acid mixtures to a low protein diet, on weight gains 
and plasma amino acids of chicks. J.  Nutr. 79:296. 
Hill,  D. C., E. M. Mclndoo, and E. M. Olsen. 1961. Influence of dietary 
zein on the concentration of amino acids in the plasma of chicks. 
J.  Nutr. 74:16. 
Holden, P. J. ,  E. W. Lucas, V. C. Speer, and V. W. Hays. 1968. Effect 
of protein level during pregnancy and lactation on reproductive per­
formance in swine. J.  Amm. Sci. 27:1587. 
Holden, P. J. ,  R. C. Ewan, and V. C. Speer. 1971. Sulfur amino acid 
requirement of the pregnant gilt .  J.  Anim. Sci. 32:900. 
Kaiser, F. E., C. W. Gehrke, R. W. Zumwalt, and K« C. Kuo. 1974. 
Amino acid analysis: Hydrolysis, ion-exchange clean up, derivatization 
and quantitation by gas-liquid chromatography. Anal. Biochem. Lab. 
Inc., Columbia, MO. 
Leonard, R. P.,  and V. C. Speer. 1983. Threonine requirement for 
reproduction in swine. J.  Anim. Sci. 56:1345. 
Lewis, A. J. ,  and V. C. Speer. 1973. Lysine requirement of the lactating 
sow. J.  Anim. Sci. 37:104. 
Lewis, A. J. ,  and V. C. Speer. 1974a. Tryptophan requirement of the 
lactating sow. J.  Anim. Sci. 38:778. 
35 
Lewis, A. J. ,  and V. C. Speer. 1974b. Plasma amino acid response curves 
in lactating sows. J.  Anim. Sci. 38:785. 
Longenecker, J.  B., and H. L. Hause. 1959. Relationship between plasma 
amino acids and composition of the ingested protein. Arch. Biochem. 
Biophys. 84:45. 
Mahan, D. C. 1981. Optimum protein needs for reproduction in sows. 
Pages 54-60 i£ Proceedings 1981 Maryland Nutrition Conference, Belts-
ville, MD. 
Marsh, W. H., B. Fingerhut, and H. Miller. 1965. Automated and manual 
direct methods for the determination of blood urea. Clin. Chem. 
11:624. 
Meisinger, D. J. ,  and V. C. Speer. 1979. Tryptophan requirement for 
reproduction in swine. J.  Anim. Sci. 48:559. 
Mertz, E. T., J.  N. Henson, and W. M. Beeson. 1954. Quantitative 
phenylalanine requirement of the weanling pig. J.  Anim. Sci. 13:927. 
Miller, G. M., D. E. Becker, A. H. Jensen, B. G. Harmon, and H. W. Norton. 
1969. Effect of protein intake on nitrogen retention by swine during 
late pregnancy. J.  Anim. Sci. 28:204. 
Mitchell,  J.  R. Jr. ,  D. E. Becker, A. H. Jensen, B. G. Harmon, and H. 
W. Norton. 1968. Determination of amino acid needs of the young 
pig by nitrogen balance and plasma free amino acids. J.  Anim. Sci. 
27:1327. 
Morrison, A. B., E. J.  niddlston, and J.  "• McLsughlsn. 1961. Blood 
amino acid studies II.  Effects of dietary lysine concentration, sex, 
and growth rate on plasma free lysine and threonine levels in the 
rat.  Can. J.  Biochem. Physiol. 39:1675. 
Nissen, S. L., C. Van Huysen, and M. W. Hayiiiond. 1982. Measurement 
of branched chain a-ketoacids in plasma by high-performance liquid 
chromatography. J.  Chromatogr. 232:170. 
NRC. 1979. Nutrient requirements of domestic animals. No. 2. Nutrient 
requirements of swine. Eights revised ed. National Academy of 
Sciences-National Research Council,  Washington, DC. 
Pond, W. G., and E. F. Walker, Jr.  1968. Protein and amino acids for 
reproduction of swine. Pages 66-72 iji  Proceedings of 1968 Cornell 
Nutrition Conference. Cornell University, Ithaca, NY. 
36 
Pond, W. G., D. N. Strachan, Y. N. Sinha, E. F. Walker, Jr. ,  J.  A. Dunn, 
and R. H. Barnes. 1969. Effect of protein deprivation of swine during 
all or part of gestation on birth weight, postnatal growth rate and 
nucleic acid content of brain and muscle of progeny. J.  Nutr. 99:61. 
Rama Rao, P. B., H. W. Norton, and B. C. Johnson. 1961. The amino acid 
composition and nutritive value of proteins. IV. Phenylalanine, 
tyrosine, methionine and cystine requirements of the growing rat.  
J.  Nutr. 73:38. 
Richardson, L. R., L. G. Blaylock, and C. M. Lyman. 1953. Influence 
of dietary amino acid supplements on the free amino acids in the blood 
plasma of chicks. J.  Nutr. 51:515. 
Rippel, R. H., B. G. Harmon, A. H. Jensen. H. W. Norton, and D. E. Becker. 
1965a. Response of the gravid gilt to levels of protein as determined 
by nitrogen balance. J.  Anim. Sci. 24:209. 
Rippel, R. H., B. G. Harmon, A. H. Jensen, H. W. Norton, and D. E. Becker, 
1965b. Some amino acid requirements of the gravid gilt fed a purified 
diet. J.  Anim. Sci. 24:378. 
Rippel, R. H., 0. G. Rasmussen, A. H. Jensen, H. W. Norton, and D. E. 
Becker. 1965c. Effect of level and source of protein on reproductive 
performance of swine. J.  Anim. Sci. 24:203. 
Robbins, K. R., and D. H. Baker. 1977. Phenylalanine requirement of 
the weanling pig and its relationship to tyrosine. J.  Anim. Sci. 
45:113. 
Robles-Cabrera, A., and V. C. Speer. 1983. Valine requirement for 
reproduction in swine. J.  Anim. Sci. 57:1479. 
Rose, W. C., and R. L. Wixom. 1955. The amino acid requirements of 
man. XIV. The sparing effect of tyrosine on the phenylalanine re­
quirement. J.  Biol. Chem. 217:95. 
Rose, W. C., B. E. Leach, M. J .  Coon, and G. F. Lambert. 1955. The 
amino acid requirement of man. IV. The role of leucine and phenyl­
alanine. J.  Biol. Chem. ^.53:613. 
Rousselow, D. L., and V. C. Speer. 1980. Valine requirement of the 
lactating sow. J.  Anim. Sci. 50:472. 
Rousselow, D. L., V. C. Speer, and D. G. Haught. 1979. Leucine 
requirement of the lactating sow. J.  Anim. Sci. 49:498. 
37 
Rudolph, B. C., L. S. Boggs, D. A. Knobe, T. D. Tanksley, Jr. ,  and S. 
A. Anderson. 1983. Digestibility of nitrogen and amino acids in 
soybean products for pigs. J.  Anim. Sci. 57:373. 
Sasse, C. E., and D. H. Baker. 1972. The phenylalanine and tyrosine 
requirements and their interrelationship for the young chick. Poult.  
Sci. 51:1531. 
Sasse, C. E., and D. H. Baker. 1973. Modification of the Illinois 
reference standard amino acid mixture. Poult.  Sci. 52:1970. 
Sauberlich, H. E., and W. D. Salmon. 1955. Amino acid imbalance as 
related to tryptophan requirement of the rat. 0. Biol. Chem. 214:463. 
Sauer, W. C., S. C. Stothers, and G. C. Phillips. 1977. Apparent 
availabilities of amino acids in corn, wheat and barley for growing 
pigs. Can. J.  Anim. Sci. 57:585. 
Stockland, W. L., Y. F. Lai, R. J.  Meade, J.  E. Sowers, and G. Oestemer. 
1971. [-Phenylalanine and L-tyrosine requirements of the growing 
rat.  J.  Nutr. 101:171. 
Stryer, L. 1981. Biochemistry. 2nd ed. W. H. Freeman and Co., 
San Francisco. 497 pp. 
Woerman, R. L., and V. C. Speer. 1976. Lysine requirement for 
reproduction in swine. J.  Anim. Sci. 42:114. 
Womack, M., and W. C. Rose. 1946. The partial replacement of dietary 
phenylalanine by tyrosine for purposes of growth. J.  Biol. Chem. 
Zimmerman, R. A., and H. M. Scott.  1965. Interrelationship of plasma 
amino acid levels and weight gain in the chick as influenced by sub-
optimal and superoptimal dietary concentrations of single amino acids. 
1 M..4. W» QT . 1 O 
V  .  I 1 U U I  .  O / . I U *  
38 
ACKNOWLEDGMENTS 
Appreciation is expressed to Dr. Vaughn Speer for his assistance 
in the preparation of this thesis and for his guidance throughout the 
course of my studies at Iowa State University. Grateful appreciation 
is also given to Dr. Malcolm Crump, Dr. Richard Engen, Dr. Nani Ghoshal 
and Dr. Jerry Young for serving on my committee and for the knowledge 
gained from their courses. Sincere thanks are due to Dr. Richard Ewan 
and Dr. Dean Zimmerman for advice and assistance in the laboratory. 
Special thanks are extended to Dr. George Brant and Dr. Emmit Haynes 
for the experience of being a part of the teaching staff. 
Appreciation is also given to Stale Helland, Larry and Pat Jenkins, 
Darrell and Diane Kile and Bill Lellis for their friendship and assist­
ance. 
I am greatly indebted to my parents. They are the backbone of my 
education. 
39 
APPENDIX: INITIAL WEIGHT AND REPRODUCTION DATA 
40 
Table A.l.  Initial weight and reproduction data 
Experiment 
Item I SD II SD 
Initial weight, lb. 328.8 ± 32.26 389.2 ± 51.78 
Total pigs born/litter 9.9 ± 2.62 11.0 ± 3.38 
Total l itter weight, lb. 28.62 ± 6.08 28.25 ± 3.38 
Placenta weight, lb. 5.34 ± 1.61 6.26 ± 1.50 
